Fasting alters various hormonal and immune conditions. It has been reported that delayed type immune response to the injection of keyhole limpet hemocyani n was depressed by short-term fasting. In this study, we adopted the computer-assiste d image analyzer for histopathologica l analysis and evaluated the in uence of short-term fasting on allergic contact dermatitis induced by 2,4-dinitro uorobenzen e (DNFB). Mice were sensitized by painting of DNFB to the abdomen. After the sensitization, mice were challenged by DNFB painting to the ear. Fasting started 24 hour before (48-hour fasted group) or immediately after (24-hour fasted group) the challenging. Fasting without DNFB treatment did not induce remarkable change of ear thickness, ear tissue, serum albumin, serum total protein, serum glutamic oxaloaceti c transaminase, serum glutamic pyruvic transaminase, or serum creatine phosphokinase . In contrast, fasting suppressed the increment of ear thickness in the DNFB-treated group in this study. We could also demonstrate, using the computerized image analyzer, that both lymphocyt e in ltration and the edema in the dermis were suppressed in fasted mice treated with DNFB. Further, edema in the dermis was inhibited more strongly in 48-hour fasted mice than in 24-hour fasted mice. These ndings indicate that short-term fasting induce histopathologica l changes in the state of contact dermatitis.
INTRODUCTION
Fasting alters various hormonal and peptide conditions (10, 11) , although the precise mechanisms underlying immunologic changes during fasting remain unclear. There is indirect evidence, however, that such effects may be mediated by alterations in the hypothalamic-pituitary-adrenal axis, the autonomic nervous system, or both (1) , as in acute mental and environmental stress (2, 15, 21) . Brady et al (5) reported that plasma corticosterone was elevated 2-fold in rats with food deprivation for 4 days. In addition, elevated Neuropeptide Y (NPY) gene expression in food-deprived animals has also been reported (5) .
Hypercorticism due to nutrient stress reduces the glucose uptake and energy metabolism in peripheral tissues (6) , and it is postulated that it also has a suppressive effect on hypersensitive immune response. Nohr et al (16) reported that delayed type immune response to the injection of keyhole limpet hemocyanin was depressed by short-term fasting.
2,4-dinitro uorobenzene (DNFB) is a skin-sensitizing agent that induces delayed type allergic contact dermatitis (ACD). In this study, we adopted the computer-assisted image analyzer for histopathological analysis and evaluated the in uence of short-term fasting on ACD induced by DNFB.
MATERIALS AND METHODS

Animals
Speci c pathogen-free male ICR mice (age, 7 weeks; weight, 31-34 g) were obtained from Japan SLC (Shizuoka, Japan). Mice were housed in cages in an environmentally controlled, clean room under a 12-hour light-dark cycle. All mice were acclimatized to our facilities for 7 days with ad libitum feeding of a standard mouse chow and received care in compliance with the Guidelines for Animal Experimentation of the Hamamatsu University School of Medicine.
Mice were sensitized by a painting of 100 l l of 0.5% DNFB (Wako, Osaka, Japan) in ethanol to the shaved skin of the abdomen (hr 0). At hour 120, mice were challenged by a painting of 20 l l of 0.25% DNFB in acetone/olive oil (4:1) to the right ear. The 24-hour fasting with DNFB group was given no food from hour 120 through the end of the study. The 48-hour fasting with DNFB group was given no food from hour 96 through the end of the study. The control with DNFB group was given food ad libitum. In addition, mice without DNFB treatment (ad libitum feeding group, 24-hour fasting group, 48-hour fasting group, respectively) were prepared.
Measurement of Ear Thickness
At hour 96 and hour 144, the thickness of the right ears was measured with a thickness gauge (Tecklock Corporation, Okaya, Japan) at a point 5.0 mm from the ear edge.
Histopathology and Computer-Assisted Histomorphometry
Ears were taken from mice sacri ced by cervical dislocation at hour 144. Ears were xed in 10% formalin and embedded in paraf n. All ears were cut into 3 l m-thick sections at a point 5.0 mm from the ear edge. Sections were stained with hematoxylin and eosin and observed microscopically. The ear thickness, number of lymphocytes per square millimeter, and total size of edema in the dermis were measured quantitatively with an Image Processor for Analytical Pathology (IPAP; Sumika Technoservice Corporation, Osaka, Japan) (17, 18) , an image analyzer that includes a conventional light microscope equipped with a 20-times objective lens, a 3-charge-coupled device color video camera, and a specialized image analysis board (Matrox Image-1280; Dorval, Quebec, Canada). The areas of whole sections and those of the lymphocytic nuclear areas or edematous areas in the dermis were thresholded and segmented ( Figure 1 ). Then, the ear thickness, number of lymphocytes per square millimeter, and size of the edematous area in the dermis were calculated. All measurement procedures were carried out automatically by IPAP.
Biochemical Analysis
Blood samples were collected and glutamic oxaloacetic transaminase (GOT), glutamic pyruvic transaminase (GPT), creatine phosphokinas e (CPK), total protein, and albumin were measured.
Statistical Analysis
Data were expressed as the mean SD. Comparisons of the mean values for ear thickness, number of lymphocytes per square millimeter, and edematous area in dermis among groups were made using the Kruskal-Wallis test, and those between groups were made using the Mann-Whitney U-test, with Bonferroni correction used for multiple comparisons. Correlations between the ear thickness as measured by a thickness gauge, and the IPAP measured parameters (ear thickness, edematous area in dermis, and number of lymphocytes per square millimeter) were determined by Spearman's correlation coef cients.
A p value less than 0.05 was considered statistically signi cant.
RESULTS
Effects of 24-or 48-hour Fasting without DNFB Treatment
The mean body weights of both 24-and 48-hour fasted mice without DNFB treatment were signi cantly decreased due to fasting (Table 1) . On the other hand, there was no signi cant increase in the values of serum levels of GOT, GPT, or CPK of fasted mice compared with those of ad libitum fed mice (Table 1 ). In addition, there was no signi cant decrease in the values of serum levels of total protein or albumin of fasted mice compared with those of ad libitum fed mice (Table 1) . Further, there was no signi cant difference in ear thickness among ad libitum fed, 24-hour fasting, and 48-hour fasting mice (ad libitum fed mice, 303 8 l m, n 6; 24-hour fasted mice, 288 10 l m, n 6; 48-hour fasted mice, 292 12 l m, n 6). In addition, there was no remarkable difference in histopathologica l ndings among groups (Figure 2 ).
Effects of 24-or 48-hour Fasting with DNFB Treatment
Before the DNFB treatment, there was no signi cant difference in ear thickness measured by thickness gauge between ad libitum fed mice and fasted mice (ad libitum fed mice, 318 34 l m, n 6; 24-hour fasted mice, 318 29 l m, n 6; 48-hour fasted mice, 294 56 l m, n 5). After the DNFB treatment, the ear thickness of 48-hour fasted mice was signi cantly less than that of ad libitum fed mice (ad libitum fed mice, 567 46 l m, n 6; 24-hour fasted mice, 482 67 l m, n 6; 48-hour fasted mice, 442 32 l m, n 5, p < 0.05) ( Figure 3 ). From histopathologica l ndings, moderate in ltration of lymphocytes and severe edema were observed in the dermis of ad libitum fed mice. In contrast, the in ltration and edema were suppressed in fasted mice (Figure 4) . These results were also con rmed by IPAP. The number of lymphocytes per square millimeter was signi cantly small in 48-hour fasted mice (ad libitum fed mice, 757 133/mm 2 , n 6; 24-hour fasted mice, 427 235/mm 2 , n 6; 48-hour fasted mice, 439 122/mm 2 , n 5, p < 0.05). Total edematous area in dermis was also signi cantly small in 48-hour fasted mice (ad libitum fed mice, 4.6 0.5 mm 2 , n 6; 24-hour fasted mice, 4.1 0.9 mm 2 , n 6; 48-hour fasted mice, 2.6 0.6 mm 2 , n 5, p < 0.05).
Relationship Between Hand-Operating Measurement and IPAP Measurement
There was good correlation between ear thickness as measured by hand-operating thickness gauge and ear thickness as determined by IPAP (r 0.833, p < 0.001, n 17). In addition, there was good correlation between ear thickness by thickness gauge and edematous area in dermis by IPAP (r 0.645, p < 0.01, n 17). Further, there was good correlation between ear thickness by thickness gauge and the number of lymphocytes per square millimeter by IPAP (r 0.834, p < 0.001, n 17). 
DISCUSSION
Short-term fasting without DNFB treatment did not induce remarkable difference of ear thickness or of ear tissue in this study. In addition, this fasting did not induce remarkable change in serum albumin, serum total protein, serum CPK, serum GOT, or serum GPT, all of which are indicators of muscle collapse, hepatic dysfunction, or severe malnutrition. In contrast, this short term fasting suppressed the delayed type allergic dermatitis induced by DNFB, and we could demonstrate that both lymphocyte in ltration and the edema in the dermis were suppressed in fasted mice treated with DNFB.
It has been reported that immediate consequences of the fasting state in healthy human subjects include a marked increase in plasma cortisol, ACTH, beta-endorphin, beta-lipotrophic hormone, adrenaline, noradrenaline, and dopamine (4) . Similar ndings were also observed in studies of mice (13) , rats (5) , and pigs (3) . Adrenaline or noradrenaline constricts cutaneous blood vessels in the function of autonomic nervous system and suppresses the hyperemia in in ammation. Corticosteroids enter cells, bind to their receptors in the cytosol, and regulate the expression of many genes with a net anti-in ammatory effect. First, they reduce the production of in ammatory mediators including cytokines, prostaglandins, and nitric oxide. Second, they inhibit in ammatory cell migration to sites of in ammation by inhibiting the expression of adhesion molecules (8) . They suppress exudation and emigration of leukocytes in in ammation. Further, allergic contact dermatitis is T cell mediated cutaneous in ammatory response, and it has also been reported that fasting affects immune variables such as T cell subsets and NK cell activity (12) . From these reports, it can be postulated that short-term fasting has a suppressive effect on ACD on interactions among the above neurological, hormonal, and immonological changes.
In most previous studies, ACD-associated in ammation has been evaluated by measurement of the thickness of inamed skin using a hand-operating micrometer. However, this method is not useful for evaluating in ltration of lymphocytes or the edematous state in the dermis. Recently, computerized image analysis has been increasingly adopted as a tool for histopathological examination (19) . IPAP (17, 18) is a computer-based image analysis instrument that enables quantitative analysis of variable histopathological states (7, 9, 14, 20) . In this study, we attempted to adopt IPAP for measurement of the ear thickness, the number of in ltrated lymphocytes, and the edematous area in the dermis. In the results, we could obtain good relationships of thickness gauge and IPAP measurements. It is important that these results indicate that computerized image processor can analyze histopathogical results of ACD induced by DNFB quantitatively, such as edema in dermis or lymphocyte in ltration. However, it is still unclear whether the same results would be obtained if other allergens, especially weak allergens, were used.
The numbers of lymphocytes in 24-hour fasted mice and in 48-hour fasted mice were 43.5% and 42.0% lower, respectively, than the corresponding values in ad libitum fed mice. The edematous areas in 24-hour fasted mice and in 48-hour fasted mice were 10.2% and 42.6% lower, respectively, than the corresponding values in ad libitum fed mice. Thus, edema in the dermis was inhibited more strongly in 48-hour fasted mice than in 24-hour fasted mice. This nding suggests that immune function may differ relative to the period of fasting, as dose pathogenesis.
In conclusion, the results of the presenting study indicate that fasting induce histopathological changes in the state of delayed type hypersensitivity such as ACD, whereas the precise mechanism of these phenomena has yet to be suf ciently clari ed.
